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Different responses of forest and fynbos species to water table depth and soil nutrient status may restrict 
forests to moist, sheltered habitats in the fynbos region of the Cape. To test this hypothesis, Cunonia 
capen sis L. (a mature forest species) and Kiggelaria africana L. (forest precursor) and fynbos shrub species 
Protea neriifolia R. Br. and P. nitida Miller were cultivated in an experimentally established range of depths to 
water table in forest and fynbos soil types. Fynbos species grew at all depths to water table in the fynbos soil, 
but K. africana grew very poorly and C. capensis died in dry situations in this soil type. Growth of all species, 
especially the forest species, was greater in the forest soil than in the fynbos soil and was little affected by 
depth to water table. Protea species had taproots reaching to the water table with little development of lateral 
roots, even where water was plentiful. Forest species had well-developed roots in the forest trough, but not in 
the fynbos trough. Pre-dawn leaf xylem potentials of forest species were similar to fynbos species in both 
troughs and did not fall below -1.5 MPa. 
This study supports the hypothesis that forests are limited to sheltered habitats by dry conditions in 
exposed habitats that restrict root development and plant growtlr. The enhanced development of forest in 
areas with greater soil moisture availability and more nutrients is therefore related to the establishment 
requirements of the species. Forest precursors are more able to persist in less optimal conditions than 
mature forest species, possibly because of more rapid root development. 
Die uiteenlopende reaksies van woud- en fynbosspesies op die vlak van die watertafel en die 
vrugbaarheidstatus van die grand mag woude tot klam, beskutte habitatte in die fynbosstreek van die Kaap 
beperk. Om hierdie hipotese te toets, is Cunonia capensis L. en volwasse bosspesie), Kiggelaria africana L. 
en woudvoorloper), die fynbosstruikspesies Protea neriifolia R. Br. en P. nitida Miller aangeplant in woud- en 
fynbosgrondtipes waar eksperimenteel vasgestel is dat die watertafeldiepte wissel. Fynbosspesies het by al 
die watertafeldieptes in fynbosgrond gegraei. Waar hierdie tipe grand egter droog was, het K. africana baie 
swak gegroei en C. capensis afgesterf. AI die spesies, maar veral die woudspesies, het beter in die 
woudgrond as in die fynbosgrand gegroei en is min deur die vlak van die watertafel be·invloed. Protea 
spesies het penwortels tot by die watertafel ontwikkel met min sywortels - selfs waar baie water beskikbaar 
was. Woudspesies het goed ontwikkelde wortelstelsels in die woudgrond ontwikkel maar nie in die 
fynbosgrond nie. In beide grandtipes was die blaarxileempotensiaal voor dagbreek van die woud- en 
fynbosspesies dieselfde en het nie onder -1.5 MPa gedaal nie. 
Hierdie studie ondersteun die hipotese dat woude beperk is tot beskutte habitatte aangesien draa 
toestande in blootgestelde habitatte wortelontwikkeling en plantgroei aan bande Ie. Die feit dat woude beter 
ontwikkel in gebiede waar meer grondvog beskikbaar en waar die grand vrugbaarder is, staan dus in verband 
met die vestigingsvereistes van hierdie spesies. Woudvoorlopers groei beter as volwasse woudspesies onder 
minder gunstige toestande, moontiik as gevolg van vinniger wortelontwikkeling. 
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Introduction 
The mountain fynbos (shrubland) vegetation of the south-
western Cape includes small patches of forest, usually 
restricted to sheltered habitats such as stream banks, ravines 
or rock screes (White 1978; Campbell 1985). The environ-
ment of the forests is often very obviously different to that 
of the fynbos . Plant form and litter accumulation in the 
forests are different to fynbos, there is often abundant soil 
moisture, and the forests do not usually bum when the 
adjacent fire-prone fynbos bums (Van Wilgen et al. 1990). 
Based on these obvious differences, two explanations, 
namely protection from fire (MoIl et al. 1980) and greater 
soil moisture availability (White 1978), are advanced to 
account for the restricted distribution of forests. However, 
forest development does occur between fires in fynbos 
vegetation (Kruger 1984; Masson & Moll 1987), especially 
where soil moisture or nutrient levels are higher (CampbeIl 
1985). 
Vigour and density of forest precursor seedlings have 
been observed to decline with distance from stream bank 
forest (Kruger 1984). Such observations suggest that the 
exclusion of forest species from more open areas results 
from the failure of forest species seedlings to survive 
seasonal water deficits (White 1978). Greater summer soil 
water deficits have been demonstrated in hiIIslope habitats, 
where soil water potentials at depths of 900 mm frequently 
dropped below ~.1 MPa, than in riparian habitats where 
potentials remained above ~.l MPa (Richardson & Kruger 
1990). 
Differences between the abilities of forest and fynbos 
species to survive soil moisture deficits may result from 
differing water-use efficiencies or differing patterns of root 
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development affecting access to soil water. Manders and 
Smith (1992) studied nursery-grown forest and fynbos 
plants in limited containers at different levels of water 
availability and found fynbos species to be inferior 
competitors in mesic conditions and forest species to be 
inferior competitors in xeric conditions. Such experiments, 
however, while testing the effects of water availability and 
indicating which plants conserve water, exclude the effects 
of rooting behaviour. This study sought to complement the 
previous studies by cultivating the same species in a 
situation where root development could play a role and the 
effect of water table and soil type could be investigated 
simultaneously. 
We examined the growth and root development of forest 
and fynbos species on an artificially established gradient of 
depth to water table. The effects of such gradients will be 
affected by the capacity of the soil to draw up or retain 
water, and the nutrient status of the soil may affect forest 
and fynbos species differently. Therefore, the experiment 
was conducted simultaneously in a fynbos-type soil and in a 
forest-type soil. The species used in the study were the 
sclerophyllou<; fynbos shrub species Protea neriifolia R. Br. 
and P. nitida Miller, and the orthophyllous evergreen forest 
tree species Kiggelaria africana L. (forest precursor) and 
Cunonia capensis L. (a mature forest species). 
Forests usually occur on soils with higher soil moisture 
and nutrient status than fynbos communities (Campbell 
1985). Competitive characteristics, such as maximization of 
growth, are more evident in such relatively productive 
habitats. In stressful (xeric or nutrient-poor) environments, 
competitive characteristics become disadvantageous and 
plants are usually stress tolerators, characterized by 
sclerophylly and slow growth (Grime 1979). We hypothe-
sized, therefore, that forest species would be able to 
compete successfully with fynbos species when resources 
were available, but would be disadvantaged when resources 
were restricted. 
Materials and methods 
Two troughs were constructed from galvanized steel plating, 
following the design of Mueller-Dombois (1964). Each 
trough measured 4.5 m long and 1.25 m wide, 1.0 m deep at 
the shallow end and 2.5 m deep at the deep end. The troughs 
were open at the bottom and each stood in a galvanized tray 
filled with water 0.3 m deep. The trays were 60 cm longer 
and wider than the troughs to permit water circulation. The 
sides of the troughs were supported on 10 mm spacers and a 
50-mm layer of 20-mm stones was spread in the bottom of 
each trough to permit even distribution of water under the 
soil in the trough. Water was passed continuously through 
the trays to prevent stagnation. Troughs and trays were 
painted with bitumen to prevent leakage. The troughs were 
situated in a greenhouse to exclude rainfall. 
One trough was filled with a forest soil collected from a 
road cutting through a riparian forest site in the Jonkershoek 
valley near Stellenbosch. The other trough was filled with a 
fynbos soil from the Berg River valley near Franschhoek. 
Soil analyses, using standard laboratory techniques, were 
carried out by the Saasveld Forestry Research Centre near 
George. 
Seeds of Pro tea neriifolia and P. nitida were collected 
from the Jonkershoek valley during March 1987. Seeds were 
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sown in seedling trays during June and seedlings were trans-
planted into the troughs on 29 July 1987. Seedlings of 
Cunonia capensis and Kiggelaria africana were collected 
from the field on 29 July 1987 and transplanted into the 
troughs. Ten seedlings from each species were harvested 
during transplantation to compare initial sizes. 
Ten evenly-spaced rows of eight plants were planted 
across each trough. Each row comprised two sequences in 
the order Pro tea neriifolia, Kiggelaria africana. P. nitida 
and Cunonia capensis. The species starting the sequence in 
each row was staggered along the trough. Both trough sur-
faces were watered periodically by sprinkler until the end of 
1987, and dead plants were replaced to ensure that the 
experiment began with a full complement of plants. The 
only water supply after 4 January 1988 was from the arti-
ficially established water table. 
Water contents of the soils in the troughs were estimated 
with a neutron probe (Campbell Pacific Nuclear Corporation 
Hydroprobe Model 503). Measurements were taken at 
various depths in four access tubes which had been installed 
at even spacing centrally along each trough at the time of 
filling. A mean of five neutron probe readings taken over 
I-min intervals was derived for each depth in each tube on 
18 February 1988,6 July 1988 and shortly before harvesting 
on 27 November 1988. The neutron probe counts were cali-
brated for each soil type in galvanized steel drums of 1.5 m 
diameter with a centrally placed access tube. The soils were 
saturated and five neutron probe counts were taken at a 
depth of 30 cm. These counts were corrected for background 
counts and converted to ratios of full counts in water. Three 
soil samples, equally spaced around the drum, were re-
moved from the same depth at 50 cm from the tube, and 
volumetric water contents were determined gravimetrically, 
correcting for bulk density of the soil. The procedure was 
repeated as the soils dried. 
The troughs were kept free of weeds. Pesticides were 
used to control herbivory by Acraea horta L. (Subfamily 
Acraeinae) butterfly larvae and red spider, both of which 
affect Kiggelaria africana in particular. 
Xylem pressure potentials, as a relative indicator of plant 
water stress, were measured using a Scholander pressure 
chamber as described by Ritchie and Hinckley (1975). Two 
leaves on each of the two plants per species in each row 
were measured in each of the troughs. The period of meas-
urement was between 22:30 on 29 November and 04:00 
(before dawn) on 30 November. 
The lower end of each trough was removed in January 
1989 and the soil was washed out of the troughs. Plants 
were removed intact, heights and overall root lengths were 
recorded and plants were divided into roots, stem and leaves 
before drying to constant mass at 70°C. Lateral root devel-
opment was described by an expression of root mass per 
unit root length. Fresh leaf mass and area of twenty leaves 
per plant were determined before drying to determine the 
specific leaf area (SLA) from the relationship: SLA = (leaf 
surface area, dm2) / (leaf fresh mass, g). The relationship 
between leaf fresh mass and leaf area was used to determine 
total leaf area from the total fresh mass of the leaves on 
each plant. 
Positions along each trough were defined as: 1 = the 
lower four rows, 2 = rows 5 and 6, and 3 = the upper four 
rows, to provide replications for comparisons between plants 
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at different positions. The effects of species and position in 
the trough on total plant mass, height, total leaf area, leaf 
size and specific leaf area, and root length and root mass per 
unit root length, were determined for each trough by two-
way analysis of variance. Significant interactions between 
species and position were identified in some of the variables 
measured. An overall statement for each factor would have 
little meaning for these variables (Sokal & Rohlf 1968: 
p.315) and significance tests for multiple comparisons are 
often difficult to interpret (SAS Institute Inc. 1985: pA7l). 
Therefore, comparisons between species and treatments 
were based on 95% confidence intervals about the means. 
The allometric relationships between root and shoot devel-
opment (R = bSK , where R is the root mass, S is the shoot 
mass and K is the allometric constant) were determined by 
principal axis correlation analysis of the logarithmic rela-
tionship, 
based on a matrix of covariance. Values of K greater than 1 
indicate rootiness and values less than 1 indicate shootiness 
(Hunt 1978). 
Results 
Since plants were generally several orders of magnitude 
larger than their initial sizes when harvested, variables were 
not adjusted for differences in initial size. 
The soils in the troughs differed in their capacity to 
absorb water from the water table (Figure 1). At depths of 
75 cm and deeper, the forest soil held considerably more 
water than fynbos soil owing to the finer particle size and 
higher organic carbon content in the forest soil. The forest 
soil also had a greater total nitrogen and cation content than 
the fynbos soil (Table 1). 
Plant mass and height were greater in the forest soil than 
in the fynbos soil. Plant mass in both soil types, root length 
in the fynbos soil trough and total leaf area in the forest soil 
trough did not vary with position in the trough, but differed 
between species. In general, the effects of species were 
stronger than the effects of position (Table 2). In the forest 
soil Kiggelaria africana dominated in all positions. Cunonia 
capensis grew better than the fynbos species close to the 
water table at the shallow end and in the middle of the forest 
trough but was smaller than P. neriifolia at the deep end of 
the trough (Figure 2). Forest species persisted to some 
extent in the deep end of the fynbos trough, but the mass of 
these plants was negligible and further mortalities, 
especially in Cunonia capensis, seemed likely at the time of 
harvesting (Table 3). Growth of fynbos species on the 
fynbos soil also declined at the deep end of the trough, but 
there were few mortalities and those plants which remained 
appeared to be established by the time of harvesting. Kigge-
laria africana in the forest trough showed no mortality, and 
mortality of Cunonia capensis was very much lower, even at 
the deep end of the trough, than in the fynbos trough. A few 
individuals of the fynbos species died in the forest trough, in 
a pattern not obviously related to the gradient of depth to 
water table. There was greater mortality of forest species in 
fynbos soil than vice versa (Table 3). 
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Figure 1 Soil moisture content at various depths in troughs of 
forest and fynbos soils with gradients of depth to water table. 
Numbers to the left and right of each neutron probe access tube 
show the volumetric water content (cm3.cm-3) in July and Novem-
ber 1988, respectively. 
Table 1 Properties and nutrient contents of forest and 
fynbos soils on which forest and fynbos species were 
cultivated on artificially-established gradients of depth to 
water tablea 
Soil property 
Texture: Cg (%) 
Mg (%) 
Fg (%) 
VFg (%) 
CSi (%) 
FSi (%) 
Clay (%) 
pH (H20) 
Organic carbon 
Total nitrogen (f.Lg/g) 
Bray No.2 phosphorus (f.Lg/g) 
Aluminium (f.Lg/g) 
Potassium (f.Lg/g) 
Calcium (f.Lg/g) 
Magnesium (f.Lg/g) 
Sodium (f.Lg/g) 
Forest trough Fynbos trough 
33.8 (0.8) 
15.0 (4.0) 
11.0 (1.7) 
2.8 (0.6) 
18.5 (2.6) 
12.8 (2.3) 
6.2 (1.1) 
5.4 (0.1) 
7.5 (1.4) 
1763.0 (240.7) 
11.3 (3.6) 
0.4 (0.1) 
67.0 (10.5) 
150.2 (24.8) 
33.8 (3.0) 
56.5 (3.8) 
34.8 (1.9) 
27.2 (5.4) 
16.8 (2.6) 
4.8 (0.8) 
11.2 (6.6) 
3.8 (0.6) 
1.5 (0.5) 
5.8 (0.1) 
0.8 (0.2) 
89.0 (21.8) 
14.3 (2.4) 
0.0 (0.0) 
8.5 (1.2) 
46.8 (8.5) 
2.8 (0.5) 
14.8 (3.0) 
NS 
NS 
NS 
NS 
NS 
* 
* 
* 
* 
** 
NS 
NS 
* 
* 
** 
*** 
• Standard errors of the means are given in parentheses.' n = 4 for all 
variables. NS, * ** and *** denote no significant difference 
between means and significant differences between means at P < 
0.05, 0.01 and 0.001, respectively (Mann-Whitney U test). 
Total leaf area per plant (Figure 3) showed a very similar 
pattern of differences between species, positions and soil 
types to that shown by plant mass. Cunonia capensis leaves 
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in the forest trough and C. capensis, Kiggelaria africana 
and Protea neriifolia in the fynbos trough followed the 
expected pattern and were smaller in the upper positions 
than in position 1. The other species in each trough, how-
ever, showed no or even the opposite trend. According to 
Larcher (1983), leaves which develop under dry conditions 
tend to be smaller and more divided and have a smaller 
SLA, but no such pattern occurred in any species in the 
forest trough, and the opposite trend was shown by all 
species in the fynbos trough. 
Table 2 F values of two-way analysis of variance be-
tween position along the gradient and species cultivated 
along artificially-established gradients of depth to water 
table on fynbos and forest soilsa 
Trough Variable Position Species Position X Species 
Forest Total plant mass 2.5 NS 54.7 *** 1.5 NS 
Plant height 10.1 ** 143.2 *** 1.6 NS 
Total leaf area 1.3 NS 20.9 *** 0.6 NS 
Leaf size 11.2 *** 76.8 *** 14.5 *** 
Specific leaf area 8.1 ** 205.0 *** 11.7 *** 
Root length 10.5 *** 73.2 *** 1.4 NS 
Root mass/length 10.6 *** 28.3 *** 2.9 * 
Fynbos Total plant mass 3.0 NS 12.5 *** 1.7 NS 
Plant height 4.1 * 13.0 *** 2.1 NS 
Total leaf area 4.2 * 12.6 *** 2.4 * 
Leaf size 15.6 *** 203.4 *** 13.1 *** 
Specific leaf area 18.9 *** 522.5 *** 42.3 *** 
Root length 0.3 NS 12.1 *** 0.5 NS 
Root mass/length 10.3 ** 10.0 *** 2.8 * 
***, ** and * denote significance at P < 0.0001, 0.01 and 0.05, 
respectivel y. 
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Root development differed among species (Figure 4). In 
the trough of forest soil, Kiggelaria africana had 
considerable lateral root extension and the roots grew down 
to the water table. Cunonia capensis also had many 
secondary roots, but these were shorter and finer, and those 
in the upper rows did not extend to the water table. Both 
protea species had relatively very little lateral root 
development, but had a single main root which usually 
reached the water table before dividing to a limited extent. 
Overall root length confirms these patterns and the rela-
tionship between root mass and root length demonstrates the 
differences in lateral root development (Figure 5). The roots 
of the protea species in the fynbos trough were very similar 
to those in the forest trough and usually extended to the 
Table 3 Survival of plants in each species cultivated 
along artificially-established gradients of depth to water 
table on fynbos and forest soils 
Survival (%)' 
Trough Species Pos. 1 Pos.2 Pos.3 
Forest soil Cunoma capensis 100 75 88 
Kiggelaria africana 100 100 100 
PrOlea neriifolia 75 100 100 
PrOlea mlida 100 100 88 
Fynbos soil Cunoma capensis 75 50 25 
Kiggelaria africana 100 75 62 
Prolea neriifolia 100 100 100 
Prolea nilida 100 100 100 
, Position 1 (nearest the water table): rows 1 - 4, n = 8; position 2: 
rows 5 - 6, n = 4; and position 3 (furthest from the water table): 
rows 7 - 10, n = 8. 
HEIGHT (m) 
3 . 0 
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Figure 2 Total plant mass and height of forest and fynbos plants cultivated from seedlings in July 1987 to January 1989 on two 
troughs, one with forest soil and one with fynbos soil, with gradients of depth to water table. C, Cunonia capensis; K, Kiggelaria 
africana; ne, Protea neriifolia; and ni, Pro tea nitida. Position 1: rows 1 - 4 (nearest the water table); position 2: rows 5 - 6; and 
position 3: rows 7 - 10 (furthest from the water table). 95% confidence limits about the means are represented by vertical lines. 
S.AfrJ.Bot., 1992,58(3) 199 
TOTAL LEAF AREA (cm2 x 10- 3) LEAF SIZE (cm 2 ) SPECIFIC LEAF AREA (dm2 g -I) 
16 
14 
12 30 
10 25 H-
I- a 20 
en 
w 
a: 6 15 4-rtrt 0 
lL. 
4 10 
2 5 
0 0 
C K ne nj C K ne.nj C K na nl C K na nj CKnani CKneni C K ne nj C K ne nj C K ne nl 
25 1.0 
a 20 
en 
0 6 15 III 
Z 
>- 4 10 
lL. 
2 5 
0 0 
C K nanl CK na nj C K na ni C K nani C K na nl C K na nj C K nenl C K na nl C K ne ni 
POS I POS 2 POS 3 POS I POS 2 POS 3 POS I POS 2 POS 3 
Figure 3 Total leaf area per plant, mean leaf size and specific leaf area of forest and fynbos plants cultivated from seedlings in July 
1987 to January 1989 on two troughs, one with forest soil and one with fynbos soil, with gradients of depth to water table. C, Cunonia 
capensis; K, Kigge/aria africana; ne, Prolea neriifolia; and ni, Prolea nilida. Position 1: rows 1 - 4 (nearest the water table); position 2: 
rows 5 - 6; and position 3: rows 7 - 10 (furthest from the water table). 95% confidence limits about the means are represented by vertical 
lines. 
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Figure 4 Root development of forest and fynbos species in the 
row on the forest soil furthest from the water table. Plant stems are 
connected to a wire at the original soil level to facilitate excava-
tion. The ground level is the level of the permanent water table. 
K.a., Kiggelaria africana; P.ni., Prolea nilida; e.c., Cunonia 
capensis; and P.ne., Prolea neriifolia. 
water table, whereas the forest species had very poorly 
developed roots. 
The relationship between root and shoot development of 
plants in the forest trough differed between the plants in the 
lower rows and those in the upper rows, with all species 
tending to less shootiness in the upper rows. All species in 
all positions, however, had a very strong tendency to 
shootiness (Table 4). There was no pattern in the relation-
ship between shoot and root development of forest species 
in the fynbos trough, probably as a result of their erratic 
growth. There was no clear pattern for fynbos species in this 
trough, but some of the plants had very strong root develop-
ment. 
There was no evidence of water stress for any of the 
species in the forest trough (Figure 6) although in the deeper 
soils, the forest species had slightly lower (more negative) 
water potentials than the fynbos species. Water potentials of 
all species in the fynbos trough were high and differences 
were almost negligible between the fynbos and forest 
species. Only C. capen sis showed a sharp decline in water 
potential in the deeper soils of the fynbos trough. 
Discussion 
Both forest and fynbos species responded positively to the 
greater nutrient availability in the forest soil. The response 
of the forest species, however, was far greater than that of 
the fynbos species. The smaller particle sizes and greater 
carbon content of the forest soil resulted in superior water 
conduction and retention compared to the fynbos soil. Simi-
lar differences between the water contents of a sand and a 
loamy sand on artificially-established gradients of depth to 
water table have been noted by Mueller-Dombois and Sims 
(1966). 
The rooting behaviour of a species is related to the habitat 
in which each usually occurs and may influence its ability to 
exploit different habitats. Cunonia capensis is usually found 
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Figure 5 Root length and the root mass per unit root length (a measure of lateral root development) of forest and fynbos plants 
cultivated from seedlings in July 1987 to January 1989 on two troughs. one with forest soil and one with fynbos soil. with gradients of 
depth to water table. C: Cunonia capensis; K. Kiggelaria africana; ne. Protea neriifolia; and ni. Protea nitida. Position 1: rows 1 - 4 
(nearest the water table); position 2: rows 5 - 6; and position 3: rows 7 - 10 (furthest from the water table). 95% confidence limits about 
the means are represented by vertical lines. 
Table 4 Slopes (K) of principal axes describing the 
allornetric relationship between root and shoot mass 
(log,oR = log,ob + 1<IoglO 5) for plants in each species in 
the lower four rows (those nearest the water table) and 
the upper four rows in two troughs with gradients of depth 
to water table and different soil typesa 
Position 
Trough Species Rows 1 - 4 Rows 7 - 10 
Forest soil Cunonia capensis 0.08 (0.87) 0.32 (0.99) 
Kiggelaria africana 0.09 (0.?5) 0.13 (0.98) 
Protea neriifolia 0.18 (0.94) 0.39 (0.96) 
Protea nitida 0.20 (0.97) 0.38 (0.99) 
Fynbos soil Cunonia capensis 0.32 (0.87) 0.32 (0.99) 
Kiggelaria africana 2.98 (0.98) 0.88 (0.60) 
Protea neriifolia 0.13 (0.77) 2.05 (0.92) 
Protea nitida 1.61 (0.99) 1.23 (0.96) 
• Figures in parentheses show the proportion of variance explained by 
the eigenvalue of the covariance matrix of the first principal axis. 
in or close to riparian habitats and did not show changes in 
root development in response to soil moisture conditions. 
Kiggelaria africana is sometimes found away from riparian 
areas (Kruger 1984). Although this species grew very well 
close to the water table. it developed longer roots with less 
lateral development where the soil moisture was deeper. 
without reduction in plant mass. The root development of 
the fynbos species in this study was similar to field studies 
where Proteaceae had tap roots up to 3.5 m deep. with 
lateral roots concentrated in the upper soil (Higgins et al. 
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Figure 6 Pre-dawn leaf xylem pressure potentials of forest and 
fynbos species cultivated in two troughs. one with forest soil and 
one with fynbos soil. with gradients of depth to water table. Row 
1 is closest to the water table and row 10 furthest from the water 
table . •• Cunonia capensis; -. Kiggelaria africana; .... Protea 
neriifolia; and •• Protea nit ida. 
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1987). Fynbos species showed no response in root develop-
ment, such as enhanced lateral root development, which 
would enable them to take full advantage of abundant water 
supplies. 
Attempts to gauge the effects of water supply through the 
measurement of variables such as leaf size and specific leaf 
area proved fruitless. This failure indicates that there is 
compensation for the lower water supply (probably stomatal 
closure and slower growth) which is not expressed in terms 
of plant form. 
Differential root development between plants in different 
situations may also contribute to the lack of plant moisture 
stress indicated by pre-dawn leaf xylem water potentials. 
Although the fynbos biome is described as having a summer 
moisture deficit, plant moisture stress as indicated by xylem 
pressure potentials has not been detected during the dry 
summer (Miller et at. 1983). Similarly, Richardson and 
Kruger (1990) were unable to detect differences between 
riparian and hills lope species during summer. The pre-dawn 
leaf xylem pressure potentials measured on protea species in 
this experiment were within the range for proteoid species 
measured over summer in high and low rainfall areas by 
MiIIer et ai. (1983) and on a hiIIslope by Richardson and 
Kruger (1990). The potentials of the proteas in the troughs, 
however, were lower (more negative) than those measured 
for proteoids after winter rain (Von WiIIert et at. 1989), 
suggesting that the gradients in the trough approached the 
levels of water availability experienced by plants in the field 
during summer, and that those plants furthest from the water 
table did experience some stress. 
The enhanced development of forests in the presence of 
high soil moisture and nutrient status (Campbell 1985) is 
related to the competitive strategies of forest species (sensu 
Grime 1979). In contrast, fynbos species are typical of 
stress-tolerant species and are poor competitors in pro-
ductive environments, explaining the absence of fynbos 
species in forest communities. 
This experiment approximated a field situation in which 
seedlings germinate in autumn, become established during 
winter, and then are subjected to a summer drought. High 
nutrient levels may contribute to forest seedling survival by 
enabling rapid root growth in the wet winter soon after 
germination. Seedlings with well-developed root systems 
stand more chance of surviving the following summer 
drought than poorly-developed seedlings on nutrient-poor 
soils. At the same time the study demonstrated that forest 
species, particularly those regarded as forest precursors, are 
at least able to persist under very xeric conditions. Plants 
which manage to persist through the first few summer 
droughts may be able to develop when larger, or take 
advantage of any habitat amelioration in later stages of 
succession. Therefore, forest communities could develop in 
many fynbos areas in the absence of fire. 
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